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Abstract, 

An electrode assembly Tor use la an electrolysing cell comprising 
a bimetallic base plate from which parallel electrode plates extend. One 
metal or the bimetallic base plate and the protruding electrode plates serve 
as the cathode while the other metal and its protruding electrode plates 
serve as the anode. A number of these electrode assemblies can be arranged 
in a substantially parallel relationship within a cell box so aa to form 
separate cell units in an electrolysing cell. 
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In recent years the technique of electrolytic processes has 
advanced rapidly. The transition from unipolar to bipolar cells has been 
particularly remarkable. Bipolar cells, in general, can be made more compact 
than the corresponding unipolar cells and they therefore occupy less space. 
Furthermore there is the advantage that the number of series -connected current 
conductors can be reduced, thus diminishing the current losses, It is also 
easier to construct a closed bipolar cell (with a gas tight cover) , thus 
enabling easier utilization of possible gaseous products. Another tendency 
in this electrolytic process development is that the graphite previously 
employed as anode material is being replaced by metal electrodes coated with 
conductive material such as precious metal or precious metal oxides, which 
are referred to as dimensionally stable electrodes. 

Bipolar cells in principle can be constructed in two modes, they 
are either of the filter press type or they are constructed according to the 
so-called PPG system. One exponent of the filter press type is shown in ICI 
in their Norwegian Patent 110,911. An alternative placement of electrodes is 
shown by PPG in U.S. Patent 3,203,882. These two cell types have both advan- 
tages and disadvantages. The greatest criticism of the filter press type is 
that (1) a complicated piping system has to be provided for the inlet and dis- 
charge of the electrolyte as well as for the discharge of the products formed 
and C2) deactivation of one anode or cathode side of an electrode can com- 
pletely block the passage of the current. Further, it is impossible to build 
large units because the size of the electrode surface must, for reasons of 
stability, be limited. 

The PPG system in this respect is better because the anode and/or 
cathode surfaces in each cell are divided into a number of parallel elect- 
rodes. However, in its original version the PPG system has several weak- 
nesses. The electrode packs composed of the unit electrodes are difficult 
to keep bolted together and they are sensitive to current leakage because the 
requisite tight relationship between the cell units is difficult to attain. 
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Furthermore the deactivating of one anode or one cathode surface will affect 
the adjacent electrodes, thereby disturbing the flow pattern of the current. 
It is also difficult to determine where breakdowns of the electrodes occur. 

As a consequence of the introduction of dimentionally stable 
electrodes, the electrolysis technique has advanced. 

Several good cell constructions have been developed for unipolar 
cell systems based upon dimentionally stable electrodes, but for bipolar cell 
constructions the development of such good cell constructions has not yet 
been reached. 

10 The present invention relates to electrode assemblies using dimen- 

tionally stable anodes which eliminate most of the disadvantages of the PPG- 
type electrodes. My invention results in a stable electrode construction, 
easy detection of electrode breakdowns, and extremely low current losses. 

At the same time my invention makes it possible to use different 
anode and cathode materials, thus permitting a choice of material and a choice 
of possible activating surface coating, the latter made specifically for the 
requirements of the electrode. 

My construction is not limited to cells without diaphragms but may 
also be used with advantage for bipolar diaphragm cells. 

20 The electrode assemblies of the present invention comprise a 

laminated base plate consisting of two intimately joined metals, the base 
plate being provided with anodes and cathodes projecting at right angles from 
respective portions of the base plate. The anodes and cathodes are formed 
from the same materials as the base plate. The metals should be selected to 
fulfil the desired requirements of the anodes and cathodes. This arrangement 
as a whole will be referred to as the electrode assembly in the following 
disclosure. 

For example, when electrolyzing chloride containing solutions it is 
suitable that one of the metals in the base plate is titanium Cfxom which 
30 titanium anodes project} and the other metal is iron Cfrom which iron cathodes 
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c 



1123378 



project) , 

Another characteristic feature of the invention is that the base 
plate together with surrounding partition members made of resistant, non- 
conductive material (for example of plastic material or material with a 
rubber coating) , when closely fitted to the bottom, the side walls and the 
top (also insulated) of the cell 
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box will divide the cell space into unit cells having different potentials at 
the sides of the partition wall. 

By arranging the joint or junction of the two metals of the base 
plate as a part of the partition wall between cell units, the metal joint, 
being very sensitive to corrosion, is placed in an electrically neutral zone, 
and thus, in connection with the electrically insulating partition side 
members, a suitable arrangement is provided for protection of the joint. 
It is particularly advantageous if the joint is displaced to the cathode side 
of the base plate by using a thicker anodic metal lamination. 
10 The arrangement of partition side members connected to the base 

plate will give an excellent stability to the cell packages. By connecting 
measuring wires to the base plates in the bipolar cell package the voltage 
drop over the cell units may be measured and the operation kept under safe 
control. Possible electrode breakdown will be signalled by a very clear 
indication in the cell voltage. 

There are many possible ways in which the electrodes can be arranged 
on the base plate. The electrodes may be uniformly arranged over a base 
plate so that they are all an equal distance aparto In such arrangements one 
outer anode surface and one outer cathode surface will usually not be fully 

20 functioning. If one of the electrodes is particularly expensive the number 
of electrodes of the opposite kind may be increased so that all surfaces of 
the expensive electrode will be fully functioning. From the view-point of 
electrolyte circulation and installation it is sometimes suitable to arrange 
the electrodes in groups on the base plate. The groups may have equal or 
non-equal numbers of anodes and cathodes and they may be spaced apart at 
varying distances. 

From the view-point of installation and keeping spare parts, it is 
sometimes convenient to put the electrode assembly together from unit members 
or modules. In this case the partition zones of the anode end and cathode 

30 end are provided with a single or double flange which will be joined to or 
fit within the corresponding flange of the next adjacent unit member or 
module. The partition zones and the flanges together form the base plate in 
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the assembly. 

By combining a number of electrode assemblies by overlapping or 
Interfitting anodes and cathodes, a bipolar cell package is constructed. 
The current is introduced and led away respectively by unipolar electrode 
assemblies, to which the current leaders are connected in the usual manner. 
The unipolar assemblies are in principle constructed by splitting a bipolar 
assembly along the joining line within the base plate. 

In accordance with one aspect of the invention there is provided 
an electrode assembly comprising a two-sided base plate formed as a lamina- 
tion of a layer of titanium and a layer of iron intimately joined together 
and a number of parallel electrode plates projecting outwardly from opposite 
sides of said base plate at essential right angles, wherein the titanium metal 
layer of said base, lamination is thicker than the iron metal layer of said 
base plate lamination, and wherein said electrode plates are formed of iron 
and of titanium coated with conductive material, said electrode plates being 
formed of the same material as the side of said base plate from which said 
electrode plates project, so that each titanium anode projects from the 
titanium side of the base plate and each iron cathode projects from the iron 
side of said base plate. 

In accordance with another aspect of the present invention there 
is provided an electrolytic cell arrangement comprising an electrode assembly 
that Includes a base plate formed as a lamination of iron and titanium layers 
intimately joined together and a number of parallel electrode plates pro- 
jecting outwardly from opposite sides of said base plate, said electrode 
plates being formed of the same said metal material as the side of said base 
plate from which said electrode plates project, in which titanium coated with 
conductive material is the anode of said electrode assembly and iron is the 
cathode of said electrode assembly and wherein said base plate in combination 
with partition side members extending from the edges of said base plate 
serves as a partition wall between two cell units in an electrolytic cell. 

A cell embodiment for electrolysis of sodium chloride to sodium 

chlorate according to the invention is illustrated in the attached drawings, 
wherein : 
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Figure 1 is a plan view from the top of an electrolysis cell show- 
ing schematically the arrangement of base plates and electrodes (the electrode 
assemblies) ; 

Figures 2 through 4 are partial plan views similar to Figure 1 but 
showing other arrangements of different numbers and types of anodes and 
cathodes ; 

Figure 5 is a plan view similar to that of Figure 1 but showing in 
more detail an alternative arrangement of the electrodes; and 

Figure 6 is an isometric view of a unit electrode member showing 
10 how the ends of an anode and a cathode can be joined together, resulting in 
a double rib or flange. 

The same reference numerals are used in the drawings to refer to 
similar parts. 

Referring to Figure 1, numeral 1 indicates the cell box. Within 
said box are arranged a number of base plates 2 consisting of two metal 
layers of titanium 3 and iron 4. A number of titanium anodes 5 project from 
the titanium surface 3 and a number of iron cathodes 6 project from the 
iron surface 4, each electrode being arranged in the cell box between two 
electrodes extending outwardly from the opposite electrode plate. The 
20 vertical sides of each electrode plate 2 are connected to the side walls of 

the cell 1 by means of said members 7 which complete the division of the cell 
into cell units 8. The current is introduced by means of terminal electrodes 
9 and 10, end electrode 9 consisting of a plate of iron provided with iron 
cathodes 6 and end electrode 10 consisting of a titanium plate provided with 
titanium anodes 5. 

Figure 2 shows an arrangement of groups of electrodes each elec- 
trode 2 consisting of two iron cathodes 6 projecting outwardly from one side 
and one titanium anode 5 projecting from the opposite surface. 

Figure 3 shows three relatively thick iron cathodes 6 and two 
30 relatively thin titanium anodes 5 projecting in a manner similar to Figure 2. 

-5- 
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Figure 3 also indicates the possibility of spacing the anodes further apart 
without increasing the electrode gap by employing thicker cathode plates. 
This arrangement can be used if the anodes are bolted to the base plate. 

Figure 4 is similar to Figure 2 but showing that the metal elec- 
trode plates can be divided into units 11 joined together at their ends 12. 

Figure 5 shows on a larger scale an arrangement of a type similar 
to that of Figure 4. The electrode assembly is composed of electrode units, 
for example a titanium anode 5 and an iron cathode 6, joined together longi- 
tudinally and provided with a double flange 13. The electrode units are 

10 arranged and pressed into electrical connection by means of the members 14 

which are directly connected with the side members 7 which lead to the side 
walls of the cell box 1. It should be observed that the outer extremities 
of both the anodes 5 and cathodes 6 are secured and fixed by means of spacers 
IS of insulation material (i.e. TEFLON (trade Mark) or rubber like materials) 
extending the length of the vertical free edges. The spacers need not, how- 
ever, extend the full length of the free edges. 

Figure 6 shows a single electrode unit comprising an anode end 5 
and a cathode end 6 both provided with a double flange 13. In Figures 5 and 
6 the joint 16 between the metals in the flange members is displaced to the 

20 cathode end side for better protection against corrosion. 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE 
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS: 

1. An electrode assembly comprising a two-sided base plate formed as 
a lamination of a layer of titanium and a layer of iron Intimately joined 
together and a number of parallel electrode plates projecting outwardly 
from opposite sides of said base plate at essentially right angles, 

and wherein the titanium metal layer of said base plate lamination is 
thicker than the iron metal layer of said base plate lamination, 
and wherein said electrode plates are formed of iron and of titanium coated 
with conductive material, said electrode plates being formed of the same 
metal material as the side of said base plate from which said electrode 
plates project, so that each titanium anode projects from the titanium side 
of the base plate and each iron cathode projects from the iron side of said 
base plate. 

2. An assembly according to claim 1 wherein said conductive material 
is selected from the group comprising precious metals and precious metal 
oxides. 

3. An electrolytic cell arrangement comprising an electrode assembly 
that includes a base plate formed as a lamination of iron and titanium 
layers intimately joined together and a number of parallel electrode plates 
projecting outwardly from opposite sides of said base plate, said electrode 
plates being formed of the same metal material as the side of said base 
plate from which said electrode plates project, in which titanium coated 
with conductive material is the anode of said electrode assembly and iron 
is the cathode of said electrode assembly and xvrherein said base plate in 
combination with partition side members extending from the edges of said 
base plate serves as a partition wall between two cell units in an 
electrolytic cell. 

4. An arrangement according to claim 3 wherein a number of said elec- 
trode assemblies are arranged so as to have the anodes and cathodes inserted 
between one another in order to create a bipolar cell package. 
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5. An arrangement according to claim 3 wherein the anodic metal 
layer of said base plate lamination is thicker than the cathodic metal layer 
of said base plate lamination. 

6 . An arrangement according to claim 3, 4 or 5 wherein said conduc- 
tive material is selected from the group comprising precious metals and pre- 
cious metal oxides. 

7. An electrolytic cell arrangement comprising an electrode assembly 
that includes a base plate formed as a lamination of iron and titanium 
layers intimately joined together and a number of parallel electrode plates 
projecting outwardly from opposite sides of said base plate, said electrode 
plates being formed of the same said metal material as the side of said 
base plate from which said electrode plates project, in which iron is the 
cathode of said electrode assembly and titanium coated with conductive 
material is the anode of said electrode assembly and wherein said base plate 
in combination with partition side members extending from the edges of said 
base plate serves as a partition wall between two cell units in an electro- 
lytic cell. 

8. An electrode assembly according to claim 7 wherein a number of 
said electrode assemblies are arranged so as to have the anodes and cathodes 
inserted between one another in order to create a bipolar cell package. 

9. An electrolytic cell arrangement for electrolyzing sodium 
chloride to sodium chlorate comprising an electrode assembly that includes a 
base plate formed as a lamination of iron and titanium layers intimately 
joined together and a number of parallel electrode plates projecting outward- 
ly from opposite sides of said base plate, said electrode plates being 
formed of the same said metal material as the side of said base plate from 
which said electrode plates project, in which titanium coated with conductive 
material is the anode of said electrode assembly and iron is the cathode of 
said electrode assembly and wherein said base plate in combination with 
partition side members extending from the edges of said base plate serves 
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as a partition wall between two cell units in an electrolytic cell. 

10. An arrangement according to claim 9 wherein a number of said 
electrode assemblies are arranged so as to have the anddes and cathodes in- 
serted between one another in order to create a bipolar cell package. 

11. An arrangement according to claim 9 wherein the anodic metal layer 
of said base plate lamination is thicker than the cathodic metal layer of 
said base plate lamination. 

12. An arrangement according to claim 9, 10 or 11 wherein said con- 
ductive material is selected from the group comprising precious metals and 
precious metal oxides. 

13. An electrolytic cell arrangement comprising an electrode 
assembly that includes a base plate formed as a lamination of iron and 
titanium layers intimately joined together and a number of parallel elect- 
rode plates projecting outwardly from opposite sides of said base plate, 
said electrode plates being formed of the same said metal material as the 
side of said base plate from which said electrode plates project, in which 
titanium coated with conductive material is the anode of said electrode 
assembly and iron is the cathode of said electrode assembly and wherein 
said base plate in combination with surrounding insulating partition members 
extending from the edges of said base plate serves as a partition wall 
between two cell units in an electrolytic cell. 

14. An arrangement according to claim 13 wherein a number of said elec- 
trode assemblies are arranged so as to have the anodes and cathodes inserted 
between one another in order to create a bipolar cell package. 

15. An arrangement according to claim 13 wherein the anodic metal layer 
of said base plate lamination is thicker than the cathodic metal layer of 
said base plate lamination . 

16. An arrangement according to claim 13, 14 or 15 wherein said conduc- 
tive material is selected from the group comprising precious metals and 

9 
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precious metal oxides. 

17. An electrode assembly comprising a plurality of electrode units, 
each comprising a titanium anode having a double flange and an iron cathode 
having a double flange, the double flanges being joined together longitudinal- 
ly so that the anode and cathode project outwardly in opposite directions, 

the titanium anode being coated with conductive material, the electrode 
assembly including means for pressing the units into electrical connection. 

18. An electrolytic cell arrangement comprising a cell box having a 
bottom, sides, ends and a top and containing a terminal anode, a terminal 
cathode, and at least one electrode assembly, said electrode assembly includ- 
ing a base plate formed as a lamination of iron and titanium layers intimate- 
ly joined together and a number of parallel electrode plates projecting out- 
wardly from opposite sides of said base plate, said electrode plates being 
formed of the same said metal material as the side of said base plate from 
which said electrode plates project, in which titanium coated with conductive 
material is the anode of said electrode assembly and iron is the cathode of 
said electrode assembly and wherein said base plate in combination with 
surrounding insulating partition members extending from the edges of said 
base plate to the cell box serves as a partition wall between tw,o cell 
units in said cell box. 

19. An arrangement according to claim 18 wherein the anodic metal: layer 
of said base plate lamination is thicker than the cathodic metal layer of 
said base plate lamination. 

20. An arrangement according to claim 18 or 19 wherein said conductive 
material is selected from the group comprising precious metals and precious 
metal oxides. 

21. An electrolytic cell arrangement for electrolyzing sodium chloride 
to sodium chlorate comprising a cell box having a bottom, sides, ends and a 
top and containing a terminal anode, a terminal cathode, and at least one 
electrode assembly, said electrode assembly including a base plate formed 
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as a lamination of iron and titanium layers intimately joined together and 
a number of parallel electrode plates projecting outwardly from opposite 
sides of said base plate, said electrode plates being formed of the same said 
metal material as the side of said base plate from which said electrode 
plates project, in which titanium coated with conductive material is the 
anode of said electrode assembly and iron is the cathode of said electrode 
assembly and wherein said base plate in combination with surrounding insul- 
ating partition mambers extending from the edges of said base plate to the 
cell box serves as a partition wall between two cell units in said cell box. 

22. An arrangement according to claim 21 wherein the anodic metal layer 
of said base plate lamination is thicker than the cathodic metal layer of 
said base plate lamination. 

23. An arrangement according to claim 21 or 22 wherein said conductive 
material is selected from the group comprising precious metals and precious 
metal oxides. 

24. An electrode assembly comprising a two-sided base plate formed as 
a lamination of a layer of titanium and a layer of iron intimately joined 
together and a number of parallel titanium and iron electrode plates 
attached directly to and projecting outwardly from opposite sides of said 
base plate at essentially right angles, said titanium electrode plates being 
coated with conducting material, said electrode plates being formed of the 
same metal material as the side of said base plate from which said electrode 
plates project, so that each titanium anode projects from the titanium side 
of the base plate and each iron cathode projects from the iron side of said 
base plate. 

25. An electrode assembly as claimed in claim 24 wherein said plates 
are attached by welding. 

26. An electrolytic cell arrangement comprising an electrode assembly 
that includes a base plate formed as a lamination of iron and titanium layers 
intimately joined together and a number of substantially solid, flat parallel 
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electrode plates projecting outwardly from opposite sides of said base plate, 
said electrode plates being formed of the same said metal material as the 
side of said base plate from which said electrode plates project, in which 
iron is the cathode of said electrode assembly and titanium coated with 
conductive material is the anode of said electrode assembly and wherein said 
base plate in combination with surrounding partition members extending from 
the edges of said base plate serves as a partition wall between the two 
cell units in an electrolytic cell box thereby forming a bipolar cell. 

27. An electrode arrangement according to claim 26 wherein a number of 
said electrode assemblies are arranged so as to have the anodes and cathodes 
inserted between one another in order to create a bipolar cell package. 

28. An electrode assembly comprising a two-sided base plate formed 

as a lamination of a layer of titanium and a layer of iron intimately joined 
together and a number of substantially solid, flat parallel titanium and 
iron electrode plates projecting outwardly from opposite sides of said base 
plate at essentially right angles, said titanium electrode plates being 
coated with conducting material, said electrode plates being formed of the 
same metal material as the side of said base plate from which said electrode 
plates project, so that each titanium anode projects from the titanium side 
of the base plate and each iron cathode projects from the iron side of said 
base plate. 

29. An electrode assembly as claimed in claim 28 wherein said electrode 
plates are welded directly to said base plate. 

30. An electrolytic cell arrangement as claimed in claim 8, 10 or 

14 wherein the electrode plates have outer extremities secured and fixed by 
spacers of insulation material . 

31. An electrolytic cell arrangement as claimed in claim 18, 21 or 27 
wherein the electrode plates have outer extremities secured and fixed by 
spacers of insulation material. 
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32. An electrolytic cell arrangement as claimed in claim 28 or 29 

wherein the electrode plates have outer extremities secured and fixed by 
spacers of insulation material. 
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